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FOREWORD

Early development of airdrop systems for delivery of military items was
principally a trial-and-error type activity conducted by field type wilitary
organizations. Most present systems are refinements of the original concepts.
The methods and equipment were developed on an individual component basis or
as systems for specific, individual iteus. '

The ever increasing use of airpower in military operations har focused
attention on all aspects of air delivery i:.cluding airdrop. It is evident that
the Army can only realize the full potential! of airdrop by development of
systems which will result in reduced cost and complexity, and with reliability
comparable to other forms of transporation. A number of specific systems and
components are currently under development which will enhance the Army's air-
drop capability. This particular study was initiated as Task 08, "Systewm for
Rapid Preparation of Airdrop Loads," under Project No. 1F121401D195. The
purpose was to evaluate the basic functions and equipment from an overall
point of view with particular emphasis on simplification, and time and cost
reduction, rather than from the point of view of optimizing specific component
or mission requirements. The planned approach was to initially conduct a
systems analysis to account for all factors and their inter-relationships and
effects on the total system; and to provide a means to compare proposed new
components, systems, equipment, or procedures on a cost and effectiveness
basis,
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ABSTRACT .

A study is being conducted to investigate, in detail, all aspects .
of the present systems for preparstion and retrieval of supplies and
equipment delivered by airdrop in an effort to simplify and optimize this
phase of an airborne operation. Results of initial general analysis of
the problem are presented. The planned approach and definition of the
airdrop system models are described. Army requirements for types md
quantities of supplies and equipment are evaluated. Time and cost factors
are discussed. Problem areas are id:ntified, specific tasks {nitiated
based on findings are described and planned fu“ure activities are
presented.
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A GENERAL ANALYSIS OF THE FACTORS INFLUENCING THE PREPARATION

OF LOADS FOR DELIVERY BY AIRDROP

1. Introduction

Dropping of supplies and equipment from aircraft to troops in
unaccessible places has its roots traceable back to the early days of
aviation. However, it was not until around 1949 prior to the Korean War
that airdrop of heavy equipwent, including wilitary vehicles, came into
being. Developwent has since progressed to present systewms ewploying
the C-130 and C-141 aircrift with a maximum capacity of 35,000 pounds for
a single drop load. Cui.ent development is also underway o extend this
capacity to 50,00u pounds utilizing the C-5A aircraft. Advances also
have been wade in extending the range of aircraft altitudes useable for
airdrop., However, the basic means for preparing loads for airdrop and
retrieval after drop has not kept pace with most of the other advances
in airborne type operations. Considerable time and expense are involved
in the preparation of airdrop loads, and retrieval after drop is not
rapid enough tc provide the desired fast deployment.

The purpose of this study is to investigate, in detail, all aspects
of the present system for preparation and retrieval of supplies and
equipment delivered by airdrop in an effort to simplify and optimize
this phasc of an airborne operation. This report covers the initial
general analysis of the problew which was conducted duving FY§7, As in
any data gathering and evaluation activity, the input inforwmation was
obtained from many varied sources including docuwents, personal intervi.ws,
and personal observations. Since valid data depends upon a good statisvkal
sample, collection of additiciial data is continuing ian order to verify and
refine the results currently available,

2. Summary of Work

The planned approach involves the use of a systems analysis to account
for all factors and their interrelationships and effects on the total systewm.
Studies up to the present tiwe have been prisarily concerned with a
literature search and other data gathering and evaluation activities.

The basic system design and operational flow models have been developed.
This identified two major areas for study: (1) platfore type loads and (2)
container type loads. To generate s demand function, studies were conducted
t. =valuate delivery requireaents. In{t{ial studies were aleso conducted to
deterwmine the manpower requirements for rigging platforw type loads. A
nusber of prodblem arsas have bean {denti{fied and provide direction for future
detailed investigations.




The prcsent methods and equipment for the preparation of airdrop loads
have been developed on an individval component basis or as systems for
{ndividual items, Studies have not been conducted to evaluate load
preparation from an overall point of view with particular em~hasis on
simplification and time reduction.

Particular aspects of the present systes for preparation of airdrop
loads which require extensive study have been identified by the finitial
study phases conducted and tasks have been initiated in a nuaber of
areas to develop improved techniques.

More eaphiasis wust De placed on the development of systems which
fmprove retrieval of loads from the drop zone after landing.

Statistics evaluated indicate the following significant factors:

Preparation of loads for airdrop requires approximately
| man-hour per ton plus parachute packing time.

Loads prepared on platforms for airdrop using present type
equipment have approximately 40G-500 1b of airdrop componentry per

ton ri“ed.

Approxisately 1.3% of all lcads airdropped malfunction because
of improper procedures.

3. fystews Models

A, Description ! 3asic System

The basic overall system which encompasses the prcparation of airdrop
loads can be defined as the outloading phase ot an airborne operation. This
phdse consists of all of the activities associated with placing the required
quantities of properly prepared troops, equipment and supplies aboard carrier
aircraft. This entails preparation of loads, transportation to aircraft and
loading aircraft. The airdrop evstem is the specific system for analysis
w22 this study., Pigure 1 shows the overall system and the items which define
the interface areas which must be considered when contemplating any proposed
changes to the present airdrop syst~w used for preparation of airdrop loads.

b, Specific Airdrop Systes Models

The airdrop of supplies and equipmwent can be broken down into twe
sajor classes of loads as dofined below:

Container Loads are rigged in standard airdrop containers which
consist of slings, [ WY cargo bags (A-21, A-22) and flat stes: strepping.
The containers are packed with supplies, disassembied equipment or small
edgy-to-use equipoent. These loads are norsally limited to a naxinum
weight of 2200 pounds, and are Jdelivered by both high velocity {(atabilized
doscent) and low velocity (retarded descent) afrdrop.
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Figure 1. Basic System which lacrrperaies Airdrep Loads Preparation




fi
|

t
!

%

Platform Loads

1) Supply Loads, in addition to being delivered in airdrop containers,
are also rigged on aerial delivery platforms, Two distinct rigging procedures
are used for this type load; (a) 1ecad suspension, and (b) platform suspension.
The first system employs four A-22 type containers lashed to an E-foot modular
platform. The parachute suspension lines are attached to the A-22 containers.
In the second system, ithe bulk supplies are lashed to the platform, and the
perachute suspension lines are attached to the platform. Bulk supplies of
spproximately 2200 to 8000 pounds are normally delivered in this manner.

(2) Individual Items too large or too heavy (vehicles, \eapons)
to be packed in*o airdrop containers are made up into platform loads. These
rlatfoim loads reguire the use of special airdrop equipment to contain the
load, extract it from the aircraft, control the descent, and provide a
weans tc digsipate energy at ground impact.

Systew Design Models

The mndels which depict the systems for platform loads and container
loads are shown in figure: 2 and 3. These models indicate all o: the major
items which compose the airdrop loads and which must be consider~d in the
detailed analysis of load preparation.
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Figure 3. System Design Madel for Container Type Loads

4, Delivery Requirements

The types and quantities of equipwent and supplies required by the Army
varies considerably with the type mission being performwed. Even for a
given mission, the requirement will vary depending upon the individual in
command of the action.

To generate data which would »e useful for an overall evaluation of
equipment and procedurts uted to prepare aand recover airdrop loads, the
available statistics were generalized as follows:

{1) The two major typcs of airdrop wissions can be identified
as the deploveent of airbovne forees, and the daily resupply of Army
field forces.

(2) Since most availabdle inforwmation relstes to a Division sise
unit, this evalyation, of necessity, is primarily based upon division sisze
dJeiivery requirewents. However, to relate the data to mission requiremmnts
other than of this magnitude, the equipment requirewents were veduced to
reiative ftequency of occurrence, and the supply requirements extiapolated
to inciude rvequirements per man.




a. BEBquipment Requirements

Data from a number of sources were evaluated to determine the dewand
for equipment type platform loads. Both the number and type of loads
required varied conriderably among the verious references. However, from
five references exzmined, there were seven basic items of equipwent that
comprised better than 85% of all the rigged loads in each of the requirements
lists, These items are tabulated in Table I along with the percent of the
total requirewent that they represent. The last column shows the average
frequency of occurrence based upon five different division requirement iists,
These data have defined the military iters which represent most of the
platform loads which currently are rigged tor airdrop as well as the relative
quantity of each item. The actual nueber of itcms dropped depends entirely
ot the wission performed, However, as a reference, it can be stated that an
Air Assault Division requires spproxiwmately 1200 equipment type loads
(vehicles, weapons).
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b. Bulk Supply Requirements

This analysis was limited to the evaluation of total supply requirements.
No attempt was made to establish the actual items and quantities of each type.
Since bulk supplies are rigged either in standard containers or on standard
wmodular platforms, it was not considered essential for this study to define
the individual items. Rigging 2000 pounds of food in an A-22 container is not
significantly different (from the standpoint of airdrop equipment and procedures)
than rigging 2000 pounds of any other bulk supplies,

Significant differences exist in the resupply requirements depending
upon the type mission which is being performec by the troops being supplied.
The values shown in Tabie Il indicate the range of tonnages obtained from
various sources of information. To compare these values, it was assummed that
a division consists of 15,000 wen. This was necessary since most of the data
were given as tons per division without defining the division size. The last
column in Table II shows the calculated resupply requirements equalized to a
15,000 man divisicn. The values ranged from 400 to 1200 tons per day with the
average being 650 tons per day. These values represent the total requirements
for support of Arwy troops. The particular circumstances will determine what
pnrrtion of the total requirewent is airdropped. For an air assault mission,
during the first few days, it is expected that 100% of the resupply would be
airdropped. On the other hand, for normal resupply of Army field forces, it
is anticipated that 10% to 20% of the total requirements will be delivered by
air (coambination of airland and airdrop). Any amount from 0% to 100% of this
could be airdropped. It is significant to note at this point that one
Quartermaster Air Delivery Company can prepare approximately 200 tons per day
of supplies and equipment for delivery by airdrop.
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5. Tiwe and Cost Considerations

To establish a basis for comparison of various systems or to evaluate
proposed changes to the present system for preparation and retri ol of
airdrop loads, it was necessary tuv construct operational flow models, These
wodels identify and relate all of the activities which must be performed.
Each activity can then be ¢valuated as to time, manpower requirements and
cost. The overall effect of any particular activity can be evaluated, Also,
the events which require greatest time and cost can be identified. Figure
4 shows the basic operational flow model representing the preparation of platform
type loads. Figure 5 shows the flow chart for retrieval of loads after drop.
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Figore 4 Typical Flow Model for Assembly Lise of Pistterm Loads
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Figure 5, 0perational Flow Modsl for Retrieval of Airdrap Loads after Drop

At the present tiwe, only limited information has been obtained relative
to manpower and time requirements for rigging airdrop loads. Table 1II shows
one set of data obtained from the QM school at Ft. Lee. These datz are
representative of assembly line rigging procedures. As can be seen, the
time to accomplish each activity has been equalized by providing the required
number of personnel at each station. This is to insure that the assembly
line keeps moving. To evaluate these data, the man-hours were used as a
basis for couparison.
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The last coluen in Table 1II shows the average values for the manpower
requirements. The manpower requirements for the same items were compared to
the rigged weights as shown in Table IV. Again, the last column shows
average values for the 5 items. As can be seen, on the average it takes
approximately 0.9 wan-hours per ton for rigging plafors loads. The
variation is from lpproxiutely:m? to 1.7 man-hours per ton. This doeas
not include time required to pack pirachutes.

TAME vV

Monpowar Requirements for Common Airdrop Loads
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Only one other set of data was obténed and is summarised in Tabdle V.
The average preparation requirement froam these data indicates approximately
1.2 wan-hours per ton. This set of values was not specifically indicated
as being related to an asgembly-line type of operation which say account
for the increased value. However, this is not stated as a valid condlusion
at this t{ive and additional data wust be obtained and evaluated to refine
the statistics,

TABLE V

Menpewer Roquiremenhs jur Rigging Airdrep Loads
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6. Definition of Problem Arcus

Analysis of data obtained and cbservation of rigging operations have
fdentified a nuaber of areas where efforts should be expended to achieve
isprovements in preparation of airdrop loads. Following is a brief
discussion of the sajor probles areas.

a. lncr!! Diseipater

The present standard cushioning system which uses paper honeycomwb,
provides a functionally acceptable energy dissipater. However, there are
a number of problems associated with {ts fabrication and use. Quality Control
of paper products is such that large tolerances on crushing stress wust be
accepted. Expanding of honeycomb is still not adaptable to field type
environments, and storage presents many problems. Also, there have been
instances where resoval of vehicles from honeycomb stacks involved considerable
tise and labor.

b. Level of Skill & Training Requirements

Previous discussion of manpower requirements indicated that on the
average it takes approxipately 1 san-hour per ton plus the time for packing
the chutes to prepare loads for airdrop. In addition to the manpower
requirements, the level of skill requires specialized training and the use
of rigging sanuals for each type load prepared., Coasiderable efforts
sust be expended to simplify the equipment and procedures presently being
utilised,

Purther evidence of the level of cowplexity and skill requirements
is apparent from an analysis of reported salfunctions. Table VI shows a
suamary of reported malfunctions for a 2l-wonth pedod. The bottom row
ind{cates the percent of the total salfunctions which were disgnosed as
being incorrect procedures.
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For 5 of the 7 quarters reported (Table VI) the incorrect procedures
accounted for more than 50% of the reported malfunctions. Although the
actual walfunction rate is only approrimately 1.8%. the high percentage
of human errors clesarly shows the need for better equipment and procedures.

c. Weight of Airdrop Components

¥

The weight of components required to rig airdrop loads represents
a large percentage of the total weight of the load. This is particularly
true for loads under 10,000 pounds. Figure 6 indicates the airdrop
componentry weight as a percentage of the total weight, - loads under
1C,000 poundis, the required equipment for airdrop approximates 1/5 to 1/4
of the total weight.
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The philosophy of using universal couponents and one hasic systew .

to cover the entire weight range apparently has a bearing on ' his probles,
A thorcugh analysis of the weight probles including a studv of the validity
of 2 universal system {p definitely wvarranted.




d. Retrieval of Loads after drop

No statistical data have been obtained at this time to quantify
the exact magnitude of the problews involved in retrieving supplies and
equipment airdropped, and then putting them lnto use. However, considerable
comments have been received from a number of sources which indicates that
this aspect of airdrop needs to be investigated in considerable detail,

7. Current Ppgﬁ;aus

A number of tasks have been initiated based upon the results of the
FY67 studies, and are currentl!y being investigated in detail. PFollowing
is a brief discussion of some of these studies,

a. Modular Honeycomb Concept

An initial statistical analysis wa- ronductcd to evaluate the sizes
of honevromb energy dissipater material used to rig the seven most comwmon
heavy drop Items. Currently there are 26 distin 't sizes required for these
airdropped items.

Using swaller unit sizes to build stacks in a manner similar to
laying bricks, it is entirely feasible to rig the common vehicles with

as few as 5 different standard sizes of precut honeycomb,

Limited laboratory testing of this concept has been completed, and
additional analyses and testing have been ,.lanned,

t. Analysis of Individual Components

A study has been initiated to evaluate all airdrop cowponents to
reduce rigging time and siwplify usage. As part of this study . "=
feasibility of elimi~ating screwthread type connectors is being determined.
Also, & study has been started to simplify or eliminate platform tiedown
clevices., Additionally, all other hardware items will be studied in
detail with an zim of simplification.

c. Higher Velocity Impact

A strly is in progress to detewmine the feasibility of increasing
impact velocity which will ensltle a reiuctionr in parachute requirements
amd in rigged wveight.

8. Puture Plans

In addition to tasks slready initiated, the followiag activities
are contemplated:
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As an interim improvement, each pha-e of the rigging operation
will be evaluated with the specific goal of reducing time requirements
vy approximately 10% to 20%. This seemingly small achievement will reduce
the manpower requircments for an average heavy drop load by approximately
1/72 to 1 man-hour. ¥nr a division size airdrop (approximately 1200 loads),,
this would be a reduction of 500 - 1000 man hours.

As a more long range approach, new concepts tor completely
different systems are being formulated. This includes load bearing
platforms with integral energy dissipaters and multiple syztems for
various weight ranges and/or type loads in place of universal systewms.
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